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Abstract:

A new i nstrumcut for the ana l og det erm i n a t i o n  of c o rr e l a l  i on f i iuc I ion :;

of w ide— baixlwidth si g n a l s  is descri bed and char act e r  i :~cd . ‘I ke i list r(ulItct lt

is coinpr i sed of ;n icrowav e ci ect:ron i C c~~nponen t  s; a d out ) 1 (‘-.b:l I a need in i x  e r

perform s the mu it  ip 1 ication operat I on i i ivo l  ved in  the  correl at  i oh proccss

whcrea s a con s tan t— iinpedaiice l ine stretcher in t roduces  the vai’i :ibl c deJa ) ’ .

Measur ements indicate that  the correlator  has a bandwid th  of approx imate ly

4 Gflz . It  is shown that. this  inexpensive and simple device can be used as

a diagnostic tool for mode-locked argon-ion lasers when used in conjuction

with a fast photodiode detector .
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I.  Introduction
WWVVVVV\JWWU’u -

Pow er spectral density and con-el at ion inca surcui ~nt . s have l ong bccII

uti Ii zed in Commwli cat ion s engineer i h g  a lId pliy s I es, a litt are  lice CIII II~ III) .

portant techniques for the  c he mi s t  . ~~ At low frcq t ienei  es (b e l ow I MIIz

these measurements can be perfOrInCd quit c wel I wi th ct~ii m e r C i  a I I)’ :wa ii ab Ic

equipment. h owever , hi~ h frequency (severa l GIIz) Si gn:I 1 alia lysi s is f a r

m ore d i f f i c u l t .  At these high frcqucncics , power sp ectral dcn s i ty  UII;I IySJ s

can be perform ed wi th  exist ing microwave spectrum a n a l y z e r s  (cross-power

spectra l density cannot), although such devices are expensive. One scheme

for determining correlation functions for wide-bandwidth signals has been

reported which involves the utilization of a dual-channel sampling oscil-

loscope.6 However, this latter approach is  quite expensive to implement.

In the present paper an instrum ent i.s introduced which can determine

correlation functions f or wide-bandwidth si g nals which arc either l)er iodic ,

or randun and s ta t ionary .  B a s i c a l l y ,  the i i ist ru inci it  eva lua tes  the cor—

relat ion funct ion tln ’ongh U SC of a constant  •iiiip cdaii ce l i n e  s tretcher as

a delay i ng element and a microwave  d oubl e—ba ] anced  m i x e r  as a in t i l t . .ipli  Cr.

For a g iven delay , set by the line stretcher , the  outpu t of the mixe r  is

low-pass f i l tered to yie ld  a DC level which  correspond s to the magnitude

of the correlat ion func t ion  at  that  d e l a y .  This new approach is very

in CXpC flS~ .VC to imp lement  and easy to use.

In the fo l lowing sections , the theory of operation of the new instrument

wi l l  be developed and the device wi l l  be demonstrated in the measurement of

rnode— lo ck ct% iascr pulses .
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I I .  D escript ion of the instrument
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fi g.  1 shows a ~ehicma t i c  diagram of the new ins t rument  conf i gured in

this case for an autocorr ela t ion det enn i na t ion .  ‘t he signal t o  be auto—

corre la ted i s a ppl i ed to t he ope,i port  of a broad h a  iid I) OW ( ’ r ~~ l i l t  t~I

This pa r t i cu l a r  power s p l i t t e r  (Model 87.1 —TII )  , ( eI1R;ld , ( :oiic~~rd , MA) I

a ( dh  un i t  tisa 1)1 c over the f requency rang e 0—8 Cl Iz .  •J •hie ~ i’”~’ I I roIll one

outpu t port of the s p l i tt e r  traverses a fixed l ength of tra II SI I I  I ssi on Ii ne

to either of the lnput ports of a double-balanced mixer (Model MD-525-4,

Anzac, Waltham , MA). This transmission line is made UI) of 4 ns of air-

dielectric coaxial line (Model 874-L3OL, Genflad, Concord, MA). The signal

leaving the other por t of the power splitter travels thr~ .igh a variable-

length transmission line to the other mixer inpu t port. This variable-

length transmission line is constructed of a 1 ns fixed-length air-di-

el ectric line (Model 874-L.30L , Genkad , Concord , MA) and a constant-

imped cncc v a r i a b l e — l e n g t h  ii  lie (Mode] 874 — Li’I., GenRad , Concord , MA)

The length  of th is  l ine  can be varied over a range corresponding to a

time de lay  difference of 1 .5 ns. In t h i s  confi gurat i  on , the  v a r i a bl e  ] inc

is si i ght ly  shorter tha n the f ixed  l ine when the va r i ab le  de l ay  l ine  i s

at its mi nimum delay . ThUS a fu l l  scan of the a t ta inable  re la t ive  delay

values includes th c  r = 0 condition.  The mixer  is a broadband device

which serves as a signa l mul t ip l icr  over the frequency range 5-40’J ’ ) MHz.

Wit h till s par t icular  mixer , information in the 0-5 MII z reg ion is lost;

clearly, different frequency bands could bc covered wi th alternative mixers.

The output at the IF port of the mixer  is then processed by a low-pass

f i l t er , amp) i fled w i t h  a IIC ampl I 11cr ai~tl readout. on a d i g i t a l vol tmeter

_ _ _ _ _  ~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~ 
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or s t r ip  c h a r t  recorder.  W i t h  th i  s arrangement , t h e  au tocor relat  i o u

f u n c t i on  can he obtained over a 1 .5 1)5 d e l ay  r an g e .

The auto c  orre lat  ion i n s tru l i len t shown i l l  Fi g. 1 can be read i i ) ’  mod ~ I eti

to perform cr o s s — c o r r e l a t i o n  as  we ]  I . To p~~ IOI I I I  C S — ~or ri ’ I a t  i oil • I lie

~ CS~ CC t ive s i g n a l s  woo Id be sent 1 irec t  ly  h i t  1) t hi t  iii i X C C  v i a t h e  1. i \cd

a iid var iab le  de lay  ii  fleS. In  ei th i e r  of I hese cor re  I at i oh exper i l l ien i  S

the 1 . S ns port  ion of t h e  corr e la ti  on iiiiie t ion whi i c h i  on e wi she~ to observe

can be control lcd by adjust ing the  leng th  of the f ixe d  de lay  l i n e .

Ill . Theoretical i)escr.iption of the Instrument’s Output
w vvv vwww w-vvv ’~w/vw~/vwvwvwW-

In this section the outpu t of the correlat or will be formulated

for the case of an autocorrclation determinat ion.  The autocorrelation

funct ion , C 1~~
(T) ,  for sonic t ime-varying si g nal , i ( t ) , is

C.
~~
(T) = l im 1 i ( t )  i (t+T)dt .1 T-~~ 2T J— ‘I. ( 1)

Of cour se , Eq. (1) only appl ies  to a signa l which is non-square intcgrablc.

Eq. (1) indicates that the time average of the time-dependent product ,

i ( t )  i ( t +T ) ,  is to be found for each va lue  of T for which on e desi r es the

magni t ude of the autocorrelation funct ion . In turn , the t ime average of

this product is just the magni tude of its zero II: (1)C) frequency component ,

which can be instrumentally obtained w i t h  a s imp le  low—pass filter . A

requir ement for this low-pass filter is that its hi gh-frequency c u t - o f f

be wel l  below the l owest si gni f icant  frequency contained in  the product

s i g n a l .  Conven i ently,  DC c]ect’ onics can be u sed beyond the mixer IF port.

To ac curately  model the inst .rumcnt shown in F i g. I , t h e  frequency or

impu l  se response of the various com ponent s  m u s t  be i i it r ed i i ced  i uit o 1 1 .  C I )

L ~~~~~~~~~
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Of course , each component wi l  I have i ts  own response ;umid should be r igorous I v

inc l.udcd in the t.rca i iilent. I however , two factors  are c speC j a i l  y impor t  a u m i

and w i l l  be .1 ntr oduced here: tlit’ impu I so csponst ’ of t h e  t 151115111 I 551(111

lines ( in  thi s case i t  w i l l  he a ssunie~l tha t  I hey are  hot Ii equal )  a iid the

response of the mixer  ports. Thi s l a t t e r  fact  or account s for the Ii I t  en h g

characterist ics of the mixer ports. These two factors can be c~ nbined by

u t i l iz ing  tI-ic convolution integral . That is ,

hp~,m
(t) h

~
(y) h (t-y) dy 

(2)

where h~ and hm are the impulse response of the transmission lines and

the mixer ports respectively, and h~~ is the coubinod impulse response

of the transmission l ine  and the mixer port. Incorporating Eq.  (2) into

Eq. (1) and performing the t and y ’ integrations gives E q. (3) .

C ’ ( T )  = 
kJ Chl (a) C~~(T-a) d~ (3)

Eq. ~3) indicates that  the output of the new autocorrelat ion instru-

ment C’ (t) is the convolution of the true autocorrelation function , C~~~, of t h e

signal i ( t )  and the autocorrelation , Chh , of the instrumental response

parametc-r , hg~~ Cl-early, the instrument response func t ion  for the corre-

lat or , C 1~~, must be as short in dura t ion  as possible to yield an ins t rument

Output C ’(T )  that closely approa ches the true correlogram . hi Eq.  (3) , k is a

scaling factor which accounts for losses in the system .

-“- -a----
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IV . Deun onst ru t  ion of t he Ins t i’um ciii
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

As a dcinonstrut. i on of the new in s t  rune l it ’  S Ut t l i l y ,  t im e an t.Occirre I a t  i on

function of mode— locked laser pulses was det. eriii I ned . Correla t l ot , •t eclin i iues

have previously been used in laser pulse mea surc mn ents , but in th ose cases

the correlation process was imp lemented throug h optica l nieans 7
’8 , rather

than electronically. In the present experiment , a mode-locked laser wa.~

used to irradiate a fast photodiode; in turn, the photodiod e signa l served

as the input to the correlator of Fig. 1.

The detector in these experiments is a specially constructed Schottk y

photodiode which has an impulse response wi t -h a fu l l -dura t ion  at ha l f-

maximtrn i (FD 1IM ) of less than 50 ps9. The radiat ion fran the laser  is focused

to a diffraction- limited spot by a 3 cm biconvex lens. This focusing is

required because the active region of the photodiode is only a small annular

region approximately 10 pm wide.

Two different laser sources were utilized in these experiments.

Examined first was a synchronously pumped (lye-laser system using a mode-

locked argon-ion laser (Model 171-09 Ar~ laser and Model 361 acousto-

optic mod e locker, Spectra Physics , Mounta i n  View , CA) as the pump.

Second , the mode-locked argon-ion laser i t s e l f  was observed . This  mode-

locked argon-ion laser was operated at 38 A of i lasma current in a l l  ex-

periments to yield 740 m W  of average optical .  power at  5145 in the mode-

locked condition. In this situation , the laser output consists  of a train

of optica l pulses tha t are approximately 150 ps in duration and separated

by approximately 12 mis. Rhodaminc-6G was used in a Spectra Physics Model

375 dye h ead w i t h  an extended front mirror to comprise the synchronously-

- -

— —-.- - - - -  — -~~ --- --—.--— -~ A~~~~~~~ S 
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pumped ~l y c —J  a ser CLI V i t) ’ . When the  mode—I  oc ked a -gon - ion 1:1 ~;er I s ii  setl 10

pum p t h i s  dye laser  and the opt icn  I c a v i t y  spac ~~~ ffl ~ the d ye laser  u t i a t c h e s

the cavity spacing of t he argon — i on laser , the dye I a ser beco tut es m o d  e

locked. 10 The output from this dye laser then consis ts  of a j iii l  se t r a i n

with a period of approximately 12 ns , amid with cach pulse having a d u r a t i o n

of approx imately 30 ps as determined through streak camera nuca surenments.

The average power fro irm the synchronously punu 1)ed (l ye laser was 40 mW .

The temporal behavior of the output of these lasers cumi be described

by an equation of the followi ng form :

00

= E 
f 

2. (A) c S( t -n T-A )dX
fl~~~U) 

_c~ 
(4)

where £ is the function describing the shape of a single pulse, 6 is the

Dirac delta function and T is the period of the pulse train. The si gnal

frau the photod iode , whe n it observes the time-dependent optical irradiance

described by Eq. ( 4 ) ,  is then
U)

P ( t )  E ,/j 9..(A) h 1(a) 6(t .-u-nT -X)dc xd X

where hd is the impulse response of the photodiode. in the present ex-

perimen t, P ( t )  i s-  the signal that is processed by the correlator . To

derive a re lat ion for the output of the corrclator in t h i s  exper lmcflt ,

one must f i rs t  find the correlat ion funct ion  of P . ~~~~ ‘I ’his cor re la t ion

function , C , is found by substituting P(t )  for i. (t) in Eq. (1) . Making

thi s substi tut  ion and per form n i ng the appropriate integrations yields 

_______________ _ _ _
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Co

C (-r ) — I (
00 

C 
~
, (- i+i’l’ - i - )  1 ( r)d r

PP . -- ‘ I R . -  (1(1
i= —~ Tj  

— w (C ,  )

where Cdd ~s the autocorrelat i  on of I he de tec to r  im imp u l se response

funct ion  and C
~,R. is the  desired in fo rmat ion , i . e. the  opt ica l i r r ad ian c e

autocorrelation function.  S ign i f i can t ly ,  C~~ , the autoc or r e l a t i o n  of the

periodic funct ion ~s periodic i tself and w i t h  t Ime  same per i od 1.

To find t he output of the correlator for the i nput si gnal , P ( t ) ,  Eq.

( 6 )  niust h e substituted into Eq. (3) [ i . e .  Cp1) (’r ) replaces C
~~~

( T )  in

Eq. (3)] .  Thi s subst i tu t ion yields

00

C’ (‘r ) = ~~ C11 (c~) Cdd (r) C
~~~

(T+ iT
~
r
~

cL)dr da .

Eq. ( 7 )  indicates that the output of the correlator is a smoothed

version of the true optical irradiance autocorrelation function. In turn,

the smoothing function is the convolution of the autocorrelation of the

photod iode impulse response, lid, and the autocorrelation of the correlator

input impulse response, h~~. Obviousl y one wan t s  to decrease the (lur at ion

of both Ii afld hid
Fi g. 2 reveals  the performance of the  corre lat or  in  the measure m ent

of pulses from the synchronously pumped mmm ode— ] ockc d  dye laser. I i g. 2A

shows directly the electrica l ou tpu t of the Schottky photod:i .ode , induced

by the dye laser pulse.  This  trace WaS obtained wi th  a 25 PS r i sc—time

samp l i i i g oscil losco~ e (Model 7’l’ll , 7Sll , S-4 p lug- ins  wi th  7904 ma i nfram e ,

Tektroni x , Beaverton , OR) which was t r iggered by the si gna l from a second

pimot odiod e ir r ad  iatvd 1)>’ the  same laser.  The FI ) iIM of the pulse  i n  Fi g.  2A

approximately 90 ps and represents  t h e  t rue  opt. i ca l  I n t l  se w i d t  Ii , smoot lied

L~
_

~~- -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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by the im pulse FCSJ)O11 SCS of the photod i ode , t he  5 u m s o l  l~(; ~~~~~~ /( i  ~~~;t~~

j u l  cable and the samup I i mi g h ead i t  se l f .  A l l  th ese  1:1 I t  er stil ’s~ si tilt s h a y  e

r ise t imes  which are  ol ’ the same order u t ’  n iagmi  I m d c  an t i  c o m i t  i i  I t t I t  ~ (‘~~~. i  l i v

to I lie smoot h i mmg j , o1 ’sc .

Fig. 2B shows a compu l cr— g enera ted :ni tocorre Ia t i ott  f u m u e t  I ott of t i m e

sampling oscil loscope trace of Fi g. 2A . This  compu t ed au t o c o r r e l at  lo l l

funct ion  has :t h a l  f — d u r a l  ion  at  hal  f—m ay m u m  (J I DI IM) of 75 ps. In  contra st ,

the output of the correlator for the input si gnal  shown in  F ig .  2A , shuowmi

in Fig. 2C , has a IIDIN of 60 i~s. The second peak that  is seen at a de lay

of approx imately 300 ps is due to an electrica l reflection in the correlator

net work.

The results  portrayed in Fig. 2 are i n i t i a ] ly  qui te  surprising . From

the foregoing ana lys is , one mi g ht expect the in s t rumen ta l  autocorrclation

function to be somewhat broad er than that  produced upon compu tat ion , l) C—

cause of the f i n i t e  bandwidth  of the components used in  the new device .

However , it can be shown r e a d i l y  tha t  the response of the new corre la tor

is suff icient ly rap id that  the correlat ion func t ion  is not sign i f i c a n t l y

broadened . Moreover , i t  is quite l ike ly  t ha t  the sampling oscil loscope

trace is Fi g. 2A is broader than the true l)U 150. Let us fur ther  examine

these considerations.

The — 3 db b a n d w i d t h  of the photod iod e si gna l shown in Fi g. 2A is

s l igh t l y  less than 4 ClI:~, so one would not expect t h e  auto corr ~ latio mi

funct ion to hc dras t i c~ i l y smoothed by the mixer , consider ing its 4 ( d l z

b amud wi d th.  In add i t I on , F i.g . 2A mu ig ht be broader 1 ha ii the 1 rue photod I ode pu 1 se

bccaim ~;c i~i se t hue ol’ a situp I I ng osri II oscojie does not sol e ly

determine i ts  1 inc r esol tm t i on; t r i gger j i t t e r  a iso contributes.  T h e  
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Spec i f i c a t  ion on the  p a r t i c u l a r  s an t p l i  rig osci lio:;cope used here i s  1 J o  P~
und er opt ima I t r igger  comidit  i t ) fl S . As SuggeSted  by t i m e  m n a u i u t a c t n i ’ c r , th  I s

s j) c c I f i ca t  i on is omil y a lower bOun(l a i t t l  1 lie ad ima i 1 r i g g e m -  j i l  tel’ w i l l

depend cmi the char ae  1 en sti es of any p: i i  i en l : i r  t r i ggt ’I’ s i gU ;I  I i; j 
~ i 1~

i can t  ly ,  i t  i s  the a ut o c or r c  I . t t  b i t  l i tu ic t b u t t  ot I lm~ s:uit t p h u g  use I ii oS’oj f l ’

iflipu ise ~CSI)Oi1SC 1 hat w i l l  act us a SinOOt hi  mig fu tw  I I on on the  au t ocor re  
- 
a t  i ou

of the  t rue electrical hnm l se f rom the photod i ode. C l e a r l y ,  t h i s  lat:ter ’

fact wi l l  accentuate any disto rtions introduced by the sam p ling oscillo-

scope in Fi gs. 2A and 2B . in contrast , no such thing as j i t t e r  exists in

the correlator (Fig. 2C) .

Of course , the discrepency noted between Figs. 2B and 2C might also be

due to mmi ix e r non- ideality.  Specif ical  ly ,  if  a threshold exists over which

a signal must rise before the mixer  operates proper ly,  the cor re la t ion

funct io n would appear to be truncated somewhat . h owever , theory do es n ot

predict such a threshold and none has been observed e x p e r i m e n t a l l y ,

Fig. 3 is s imi la r  to Fig .  2 , but represents the output waveform and

cor relat ion functions for the argon-ion laser by i tself.  In this case

over 90% of the duration of th i s  electrical pulse is due to the optical

pulse.  Again , the fu nction obtained wi th  the new correlator is narrower

than that obtained by computation.

V . D i scuss ion

~v~cewvv’ivvvvv~,

For the  new cor relator  to be usefu l it  must  he a b l e  t o  measure  fea tures

ol i lit’ CaEre ha t -  ion  l’&uuc t  l o u t  w h i c h  I mid i t -at e the real  ~-t i t m t e pm , I se eha rac l e r

The t itu s t I mupoi~ t a m it si l t ’ Ii lea t im r e i s t lie nd at i on ,;h I ~ bctweeim the dum ’al ion

of the tru e pulse and i t s  au toc or r ehmt  ion ft i n c t  ion.  The h l h ) h N  of the t i mmuc—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : -~~~~-~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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dependen t pulse  is i’el ated to the JI DJIM of i t s  autocorr cl at i_ out fun d ion

in a linear manner as indicated in Eq . ( 8 ),

III ) IIM A(. = y hlh ) iIM ~, ( 8)

whe re ti m e subscr i pt ftC and ‘I’ i n di c at e  the X I L I t .ororre h a t  I on autti t’(’a I — t i mutt’

parameters respect iv ely. The factor y is a s c a l i n g  fac t  or whii cli i s a lways

greater than 1. The magnitude of y is determined by the functional form

of the real-tim e pulse shape; the mor e spread out the energ y distributi on

about the Center of the pul se, the larg er y becomes. For example , y equals

1 for a rectangular pulse , wherea s y =\/ifor a Gaussian-shaped pulse

and y = 2 for a i.orcntzian pulse. These differently shaped pulses have

progressively longer tails , causing the scaling factor , y , to increase.

Table I lists the y-factors calculated from Eq. (6  ) for the results

shown in Fig. 2 and 3. The y-values for the data obtained with the corrc-

lator arc lower as would he expected from inspection of the correlation

resul ts. Interestingly , the y factors in Tabl e I are larger for the argomi-

ion laser pulse measurement than for the dye laser experiment , suggesting

that the electrica l pu l se f rom the phot od iod e i.s mnore broadly distributed

(rises and/or decays mor e slowly) when it is irradiated by the argon laser

pulse.  Significantly , as shown in the bottom half of Table I , the relative

breadth of the correlation functions of the Ar4’ and dye laser s arc approx i -

m at e ly  the sam e, no m a t t e r  whether  computa t iona l  or i n st ru t umc nt a l  co r re la t ion

is  aup loyed . This f ind ing  ar gues  the validity of the new correlator output

for Indicating relative pulse wid ths , or changes in  pulse shape .

‘l’hmc results g iven abov e clearly indicate tha t  the new ins t rument  can

cuirre I ate very broadband (h i g h  frec~u eney)  sign al  s. The laser  sources served

- —  .‘.‘ - -- - 

- 
_ _ _ _ _ _ _ _
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we l l  to  ti emuuomms t i ’a t  e t he  capab II iii es of I he corn e l at  om . Ini I a I :;o bil ls si i’a I (~

a m i  app i i c a t i o u m  of t h e  dev i c e .

‘l’he new corrc’ 1 at or has a host of app] ica l  ions , hot Ii in I i u t ie— reso i Vt ’tI

laser spcc troscopy a nil in other areas. For examp le , the  rorreia tot’ CCI i hi

be used as a diagnostic too l for op t imiza t ion  of uui o dc -lo ekc d gas lasers.

Of cou rs e, the autocorrelation function determined in  thi s way wou ld notj

uni quely determ ine the duration of the real-time pulse IL represented ,

because the y factor would not be known. h owever , the IIDII M of the au to-

corre la t ion  func t ion  is actual1y a better parameter to minimize  than the

IIl ) I ~ l of the pulse i tself ;  it is not only desirable to min imize  the h lh ) Iff ~l

of the time-d ependent pulse , but also to hav e i ts energy distributed c~oscly

ahout  t he  tn ax imuni of the pulse .  A minimizat ion  of the duration of the

autocori ’clation fitnction iiiiplies a min imniza t ion  both of y and of the Ill )IIM

of the i’cal— tirn e pulse.

The ma jo r disad v antage of th is correlator is the smal l delay values

~~ I t i m m a h i e  w i th  the variable-length line stretcher (1.5 ns) . This limitation

~‘:u p l i e s  t hat only broadband signals can he ana lyzed if an entire correlation

f u n c t i on  is to 5e obtained.  Greater  de lays  would he poss ib le  w i t h  a l t e r n a t i v e

l i n e  s t ret che r s  Iitm t l a rge  increases in  de]ay  would ii mn .i t- the upper frequency

ctitoft’ of the device.

bro th er  d i sadvan tage  of u t i l i z ing  this correlat ion imi s t rument  for the

o p t im i zat ion of mode-locked laser pu lses is its slow scan timmie. The scan

t inc of the correlat  or is 1 iuim it cd by the bandwid th  of the low—pass f ilt e r

on t i me  outpu i of time mixer , fr~ tm an elec trical desi gn poin t of v iew .  Prac—

I i c a  I I > ,  t i l t !  I iflh l t W I  11 he d i c t a t ed  by heat generated iii the v a r i a b l e  delay

I n~ b y f i l e t  ioi i ; , l  force’, involve d  t~ i th i t s  IIIO V L’lflt’fl t .

1 
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Anot her use of ti me corre Ia I or in  1 a sen tu ’c huo l up) ’ wuits  Id  be as a -

t inu ou s Hioni I or of’ t h e  t einpora I c hmava ~’t e  i. i si ic s of’ 0111 1 c a I im I ses . Ti’t ’ Ou s t  —

put of the  corrc I ator eon hi be us ’d as a l’eedhack si g n a l  I o a )mtotie- b c  hod

control system , which  governs appropri at.c paramet ers suc h as c a v i t y  ] ~‘iigI im

or the frequency of an acousto-optic mode locking modulator . Such a u t u o um i-

toring device cou ld be imp lem ented by using either a foin~-way power s p li ft er

or two cemp l ete pliotodiod e and corrclator systems. One correlator  could

be set at a i = o situation while the second corrclator could be set at a

t value, say, equa l to the i-IDI~4 of the correlation function . These two

DC signals  could then be processed by a d i v i d i n g  c i rcu i t , to 1)1’Ovi.dC a

quotient which is constant , independent of intensity, as lon g as the pulse

shape and duration remain constant . Any changes in pulse duration or shape

would then be reflected by the ou tput of the divid er and thu s could be used

as a feedback signal to maintain minimum pulse width.
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):igure Capt i otis

Fi g. 1 . Scho na t ic d i ;u gram t t of the umew cot’re Ia t tOU inst  nume t it  comm I i gu red

for autocorrolation nmcus uFcnmcnts.

Fig. 2 Evaluation of time new correlator ’s perfo rmance in thc measurement

of pulses from a synchronously pumped mode-locked dye laser. A.

~ 1tpu t of irradiated Schottky photodiode , measur ed with 25 Ps ri se•~

time sampling oscilloscope. B. Computer-g enerated autocorr ela ti omi

function of A. C. Autocorr elat ion function of Schottky photodiode

output determined with the new correlation instrument. Sec text

for discussion .

Fig . 3 Evaluation of the new correlator for the examinat i on of a m ode-

locked argon-ion laser. A. Output of irradiated Schottky photo-

diode measured with 25 ps rise-tim e sampling oscilloscope . B.

Computer-generated autocorrelation function of A. C. Autocorrelation

function of Schottk y photodiode output determined with the new cor-

relation instrum ent.
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Table I.

y—f a c  toi’s cal Cu! !utcd from PU I se measu r tm t eumt  s (t’a Ic . ) anti

Correla tor uut casuro l t ej mts  (corr) .

+Dye laser Ar laser

Pulse_Measurem ent P u l se_~Iea sui’em cnt

~
‘calc l.~~

• 
1.90

y 1.3 1.50corr

(T
Ar / DYe ) = 1.19

(1Ar
/

Dye ) = 1.15

a. y is defined as the ratio of the half-duration at half.-max imuimu (HDHM)

of the au tocorrelation function to that of the orig ina l real- tune wave-

form .

~~~~~~~~~~~~~ _ _  _ _ __ _
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